EP 3 643 967 B1

(19)

(12)

(49)

(21)

(22)

Europdisches
Patentamt

European

Patent Office

Office européen
des brevets

(11) EP 3 643 967 B1

EUROPEAN PATENT SPECIFICATION

Date of publication and mention
of the grant of the patent:
02.10.2024 Bulletin 2024/40
Application number: 18819838.6

Date of filing: 10.05.2018

(51)

(52)

(86)

(87)

International Patent Classification (IPC):
F23G 5/50 (2006.01) BO09B 5/00 (2006.07)
F23G 5/34 (2006.07) G06Q 50/10 (2012.07)
B66C 13/48(2006.01) F23G 5/44 (2006.0)

Cooperative Patent Classification (CPC):

F23G 5/444; B09B 5/00; B66C 13/48; F23G 5/50;
G06Q 50/10; F23G 2201/70; F23G 2207/20;
F23K 2201/50

International application number:
PCT/JP2018/018171

International publication number:
WO 2018/235445 (27.12.2018 Gazette 2018/52)

(54) INFORMATION PROCESSING DEVICE, INFORMATION PROCESSING METHOD, AND CONTROL

PROGRAM

INFORMATIONSVERARBEITUNGSVORRICHTUNG,

INFORMATIONSVERARBEITUNGSVERFAHREN UND STEUERUNGSPROGRAMM

DISPOSITIF DE TRAITEMENT D'INFORMATIONS, PROCEDE DE TRAITEMENT
D’'INFORMATIONS ET PROGRAMME DE COMMANDE

(84)

(30)

(43)

(73)

(72)

Designated Contracting States:

AL ATBE BG CH CY CZDE DK EE ES FI FR GB
GRHRHUIEISITLILT LULV MC MK MT NL NO
PL PT RO RS SE SI SK SM TR

Priority: 20.06.2017 JP 2017120850

Date of publication of application:
29.04.2020 Bulletin 2020/18

Proprietor: Hitachi Zosen Corporation
Osaka-shi, Osaka 559-8559 (JP)

Inventors:

OURA, Yohei
Osaka-shi

Osaka 559-8559 (JP)
KAWABATA, Kaoru
Osaka-shi

Osaka 559-8559 (JP)
YAMASE, Kohei
Osaka-shi

Osaka 559-8559 (JP)

(74)

(56)

ONUKI, Yukio
Osaka-shi

Osaka 559-8559 (JP)
HIRABAYASHI, Terushi
Osaka-shi

Osaka 559-8559 (JP)
NISHIYAMA, Yoshihiro
Osaka-shi

Osaka 559-8559 (JP)

Representative: Griinecker Patent- und
Rechtsanwailte

PartG mbB

LeopoldstraBe 4

80802 Miinchen (DE)

References cited:
JP-A-2006 027 783
JP-A-2007 106 553
JP-A-2015 187 031
JP-A- HO 262 397

JP-A- 2006 044 904
JP-A- 2011 027 349
JP-A- 2016 069 170

Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Processed by Luminess, 75001 PARIS (FR)



1 EP 3 643 967 B1 2

Description
Technical Field

[0001] The present invention relates to an information
processing device for monitoring the state of a pit pro-
vided in a waste incineration plant.

Background Art

[0002] A wasteincineration plantincludes a pit for tem-
porarily storing waste brought in by a garbage truck. The
waste inside the pit is stirred with use of a crane and is
then transferred to an incinerator for incineration. The
stirring is carried out to homogenize waste to be trans-
ferred to the incinerator, and is an important process for
stable waste combustion.

[0003] Improving a method for stirring waste desirably
involves first accurately determining the state of how the
waste inside a pit has been stirred. Patent Literature 1
below, for example, discloses a waste stirring evaluating
device. The waste stirring evaluating device, on the basis
of movement of a garbage truck or crane, computes the
shape of deposition of waste or shape of a dented portion
of waste, and also calculates the number of times of stir-
ring for each layer of the waste deposited inside the pit.
The waste stirring evaluating device then determines an
evaluation value on the basis of the number of times of
stirring calculated for each place inside the pit, and com-
putes a crane controlling instruction.

[0004] JP 2006 027783 A relates to a control device
of an automatic crane for a garbage disposal plant in-
cluding two cameras arranged with the predetermined
interval in a crane girder of the crane at positions possible
to take a picture of the garbage pit, a garbage height
measuring means for measuring height of the garbage
piled inside the garbage pit by utilizing stereo disparity
ofthe two cameras, and a garbage height memory means
for storing information about garbage height measured
by the garbage height measuring means as a garbage
height map. JP H02 62397 relates to a garbage disposal
crane control device for loading and unloading garbage
including earth and sand into and from an actual pit while
controlling the garbage disposal crane based on the gar-
bage mountain level data stored in the garbage mountain
level storage device of the internal level management
device. JP 2006 044904 A relates to a control device of
an automatic crane for a refuse disposal works including
two cameras arranged in a girder of the crane with the
predetermined interval to take photographs of a refuse
pit, a refuse height measuring means for measuring
height of the refuse piled inside the refuse pit by using a
visual difference by stereo-view of the two cameras, and
a refuse height memory means for storing refuse height
information as a refuse height map.
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Citation List
[Patent Literature]

[0005] [Patent Literature 1]
Japanese Patent Application Publication, Tokukai, No.
2010-275064 (Publication date: December 9, 2010)

Summary of Invention
Technical Problem

[0006] Conventional art such as the above unfortu-
nately fails to allow movement of waste to be determined
accurately. Specifically, conventional art involves deter-
mining the state inside the pit (for example, the height of
waste or state of how the waste has been stirred) on the
basis of movement of a crane or the like (for example,
grabbing, dropping, and the length of a crane rope during
a grabbing operation). This means that the state can be
determined only of an area in which the crane has moved.
An area in which the crane does not move frequently thus
gives rise to a very large error. Conventional art, as a
result, involves an issue of failing to determine the state
inside a pit accurately.

[0007] Anaspectofthe presentinvention has an object
to provide, forexample, aninformation processing device
capable of accurately determining the state inside a pit.

Solution to Problem

[0008] In order to attain the above object, an informa-
tion processing device in accordance with an aspect of
the present invention is defined in claim 1.

[0009] In order to attain the above object, an informa-
tion processing method in accordance with an aspect of
the present invention is defined in claim 6. Further ad-
vantageous embodiments are defined in dependent
claims.

Advantageous Effects of Invention

[0010] An aspect of the present invention advanta-
geously allows the state inside a pit to be determined
accurately.

Brief Description of Drawings
[0011]

Fig. 1is a block diagramiillustrating an example con-
figuration of a main part of a pit monitoring device.
Fig. 2 is a cross-sectional diagram schematically il-
lustrating the structure of a waste incineration plant
including a pit.

Fig. 3 is a drawing of a pit and hoppers as viewed
from above.

Fig. 4 is a diagram illustrating a specific example of
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the data structure of bringing-in data.

(a) and (b) of Fig. 5 are each a diagram illustrating
a specific example of the data structure of measure-
ment data.

Fig. 6 is a diagram illustrating a specific example of
the data structure of crane data.

(a) and (b) of Fig. 7 are each a diagram illustrating
a specific example of the data structure of event in-
formation.

Fig. 8 is a diagram illustrating a specific example of
the data structure of deposition information.

Fig. 9 is a diagram illustrating a specific example of
the data structure of deposition information.

Fig. 10 is a flowchart illustrating the flow of an event
determining process that an event determining sec-
tion carries out.

Fig. 11 is a flowchart illustrating the flow of a depo-
sition information generating process that a deposi-
tion information generating section carries out.

Fig. 12 is a diagram illustrating another example of
the data structure of measurement data.

Description of Embodiments
Embodiment 1

[0012] The following description will discuss an em-
bodiment of the present invention in detail. The present
invention relates to, for example, an information process-
ing device for monitoring the state of a pit at a waste
incineration plant. The description below thus first deals
with a waste incineration plant and a pit provided therein
with reference to Fig. 2.

<Overview of waste incineration plant>

[0013] Fig.2isacross-sectional diagram schematical-
ly illustrating the structure of a waste incineration plant
including a pit. The waste incineration plant 100 in ac-
cordance with Embodiment 1 of the present invention,
as illustrated in Fig. 2, includes a waste pre-acceptance
measurement facility 1, a waste acceptance facility 2,
and waste incinerators 3. The waste incineration plant
100 also includes a control room 8 in which an operator,
for example, monitors the above facilities or operates a
crane 5 manually.

[0014] The waste pre-acceptance measurement facil-
ity 1 is configured to (i) carries out measurement before
the waste is brought to the waste acceptance facility 2
and thereby (ii) generate various pieces of data on the
waste. The waste acceptance facility 2 is configured to
temporarily store waste brought in by a plurality of gar-
bage trucks Q. The waste incinerators 3 are present next
to the waste acceptance facility 2, and are configured to
incinerate waste. The waste incinerators 3 are a pair of
facilities arranged next to each other in the X direction
(that s, the direction orthogonal to the surface of Fig. 2).
The control room 8 contains a control system laid therein
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for (i) communicating with the individual facilities and
thereby (ii) centrally controlling the waste incineration
plant 100. The control room 8 is provided for a user to,
for example, monitor the individual facilities of the waste
incineration plant 100 (in particular, the state of the inside
of the pit 21) or operate the crane 5 manually.

[0015] The waste incineration plant 100 in accordance
with Embodiment 1 may be newly built to serve as such
or may be an existing waste incineration plant. The con-
trol system includes individual devices that are commu-
nicable with each other over a network and with other
devices present remotely from the control room 8 over
the network.

(Waste pre-acceptance measurement facility 1)

[0016] The waste pre-acceptance measurement facil-
ity 1 is present upstream of the waste acceptance facility
2, that is, near the entrance of the waste incineration
plant 100. The waste pre-acceptance measurement fa-
cility 1 includes a weighing device 11 and a waste type
registering device 12.

[0017] The weighing device 11 is, for instance, buried
in a road surface, and is configured to weigh a garbage
truck Q that has stopped thereon. The weighing device
11 subtracts the weight of the garbage truck Q from the
measured weight to calculate the weight of the waste
loaded on the garbage truck Q. The weighing device 11
transmits, to a pit monitoring device 4 (information
processing device), waste weight data indicative of the
calculated weight of waste.

[0018] The waste type registering device 12 is config-
ured toregister the type (hereinafter referred to as "waste
type") of waste loaded on a garbage truck Q. The waste
type registering device 12 of the present embodimentis,
for instance, configured to transmit, to the pit monitoring
device 4, waste type data indicative of whether the waste
loaded is a combustible waste or incombustible waste.

[0019] The waste type may be registered with the
waste type registering device 12 by, for example, a staffer
who manages the waste pre-acceptance measurement
facility 1. In a case where each garbage truck Q always
loads waste of a particular type, the waste type register-
ing device 12 may determine the waste type on the basis
of, for example, the model or vehicle number of the gar-
bage truck Q. In a case where the type of waste collected
is fixed according to the day of the week and the area,
the waste type registering device 12 may determine the
waste type on the basis of (i) the day of the week on
which the waste was brought in and (ii) the area in which
the garbage truck Q collected the waste. The parameters
such as the car model, vehicle number, day of the week
on which waste is brought (date and time), and collection
area may be entered into the waste type registering de-
vice 12 by, for example, a staffer, or may be obtained
automatically by the waste type registering device 12.
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(Waste acceptance facility 2)

[0020] The waste acceptance facility 2, as illustrated
in Fig. 2, includes a pit 21, hoppers 22, and a building
23. The building 23 stands over the pit21 and the hoppers
22. The pit 21 serves to store waste broughtin by a gar-
bage truck Q. The hoppers 22 are adjacent to the pit 21,
and serve to supply waste inside the pit 21 into the waste
incinerators 3. The hoppers 22 are, similarly to the waste
incinerators 3, a pair of hoppers arranged next to each
other in the X direction, and correspond respectively to
the pair of waste incinerators 3. The pit 21 is equipped
with one or more bring-in doors 24 on the side of the
entrance of the building 23, that is, on the side of the Y1
direction.

[0021] The building 23 is equipped with a crane 5 at a
portion above the pit 21 and the hoppers 22 (that is, in
the Z1 direction), for example, near the ceiling of the
building 23. The crane 5 includes (i) a girder 51 movable
in the X direction and (ii) a transverse carriage 52 present
above the girder 51 and movable in the Y direction. The
crane 5 also includes a bucket 53 for grabbing waste
inside the pit 21, a wire 54 connecting the bucket 53 and
the transverse carriage 52 with each other, and a winder
55 for winding and unwinding the wire 54 to lift and lower
the bucket 53 in the height direction (that is, in the Z
direction). The winder 55 is provided on the transverse
carriage 52, for instance.

[0022] The crane 5 is configured to carry out a stirring
operation of stirring waste and a taking-out operation of
taking out waste into a waste incinerator 3. The stirring
operation refers to an operating of stirring waste inside
the pit 21 by grabbing waste inside the pit 21 (grabbing)
and then dropping the grabbed waste back into the pit
21 (dropping) asillustrated in Fig. 2. The stirring operation
allows waste inside the pit 21 to be homogeneous (that
is, uniform in terms of composition of the respective pro-
portions of different waste types). The taking-out opera-
tion refers to an operation of taking out waste from the
pit 21 into a waste incinerator 3 by grabbing waste and
then putting the waste into a hopper 22 and then into a
waste incinerator 3 (putting-in). This allows the waste put
in to be incinerated.

(Waste incinerators 3)

[0023] The waste incinerators 3 each include a com-
bustion chamber 31, a waste guiding path 32, an ash
outlet 33, a flue 34, and a steam turbine 35. The com-
bustion chamber 3 1 is, for example, a stoker-type com-
bustion chamber. The waste guiding path 32 is present
on the side of the front end (that is, on the Y1 side) of the
combustion chamber 31, and is connected with the cor-
responding hopper 22. The waste put in from the hopper
22 is guided through the corresponding waste guiding
path 32 into the corresponding combustion chamber 31.
The ash outlet 33 is present on the side of the back end
(that is, on the Y2 side) of the combustion chamber 31.
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Incinerated ash resulting from incineration of waste in-
side the combustion chamber 31 is discharged from the
combustion chamber 31 through the ash outlet 33.
[0024] The flue 34 is present on the upper back side
(that is, on the Z1-Y2 side) of the combustion chamber
31. The flue 34 is equipped with a steam turbine 35 con-
figured to (i) heat and evaporate supplied water with use
of heat of exhaust gas flowing through the flue 34 and
thereby (ii) recover thermal energy from the exhaust gas.
In order for the steam turbine 35 to recover thermal en-
ergy from exhaust gas efficiently, stable combustion
should desirably be carried out continuously.

[0025] The waste incinerators 3 may each be equipped
with various sensors such as a camera (not shown) for
monitoring the inside of the waste incinerator 3. Data
obtained by such sensors (for example, an image cap-
tured by the camera or data on the amount of steam at
the steamturbine 35)is transmitted to an incinerator mon-
itoring device 7 at the control room 8.

(Control room 8)

[0026] The control system laid in the control room 8
includes (i) a pit monitoring device 4 that functions as an
information processing device in accordance with the
present invention and (ii) a height measuring device 13
(three-dimensional measuring device). The control sys-
tem may further include, for example, a crane PLC (pro-
grammable logic controller) 14 and an incinerator moni-
toring device 7.

[0027] The pit monitoring device 4 is configured to (i)
monitor occurrence of different events inside the pit 21
and (ii) determine the state of the pit 21 on the basis of
the monitoring result. Specifically, the pit monitoring de-
vice 4 is configured to, for instance, (i) obtain data related
to "bringing-in" from the waste pre-acceptance measure-
ment facility 1, (ii) obtain data related to the height of
waste inside the pit 21 from the height measuring device
13, and/or (iii) obtain data related to the crane 5 from the
crane PLC 14. The pit monitoring device 4 then (i) ana-
lyzes the obtained data to detect occurrence of an event
in the pit 21 and (ii) identifies the event detected.
[0028] The height measuring device 13 is configured
to measure the respective heights of waste at different
positions inside the pit 21. The height measuring device
13 of the presentembodiment is, as an example, a three-
dimensional scanner including a laser sensor mounted
therein. The height measuring device 13 is placed at a
position inside the waste acceptance facility 2 which po-
sition allows the height measuring device 13 to overlook
the entire pit 21.

[0029] The crane PLC 14 functions to control, in re-
sponse to an instruction from the pit monitoring device 4
or incinerator monitoring device 7, how the crane 5 is to
be driven. The crane PLC 14, for instance, causes the
crane 5 to carry out a stirring operation (that is, grabbing
and dropping) or taking-out operation (that is, grabbing
and putting-in). Specifically, the crane PLC 14 controls
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(i) the movement of the girder 51 and transverse carriage
52, (ii) the winding and unwinding by the winder 55, and
(iii) opening and closing of the bucket 53.

[0030] For the above control of the movement, the
crane PLC 14 moves the girder 51 and transverse car-
riage 52 so that the bucket 53 is placed at a position
specified with coordinates on an X-Y plane of the pit 21
as instructed by the pit monitoring device 4.

[0031] The crane PLC 14 may be configured to record
the path of movement of the crane 5. The crane PLC 14
may further include a waste weight detecting section (not
shown) for detecting the weight of waste grabbed by the
bucket 53 of the crane 5. The crane PLC 14 may be
configured to regularly transmit, to the pit monitoring de-
vice 4, information on the recorded movement path and
the detected waste weight as crane information.

[0032] Theincinerator monitoringdevice 7 determines,
on the basis of various pieces of data obtained by various
sensors present at each waste incinerator 3, whether to
put waste into the waste incinerator 3. In a case where
the incinerator monitoring device 7 has determined that
waste needs to be put in, the incinerator monitoring de-
vice 7 causes the pit monitoring device 4 to instruct the
crane 5 to take out waste. The incinerator monitoring
device 7 may be configured to, in correspondence with
the type of waste put in the waste incinerator 3, control
combustion of the waste put in the waste incinerator 3.

(Pit 21)

[0033] The following description will discuss the pit 21
in detail with reference to Figs. 2 and 3. Fig. 3is adrawing
of the pit 21 and the hoppers 22 as viewed from above.
As illustrated in Fig. 3, the pit 21 is in the shape of a
cuboid box having a bottom on an X-Y plane. The pit 21
is virtually segmented by the pit monitoring device 4 into
a plurality of areas P on an X-Y plane. The pit 21 illus-
trated in the drawing as an example is virtually segment-
ed into 80 (=5 X 16) areas P(i, j) (where iis a to e, and
jis 1 to 16). The pit 21 illustrated in the drawing as an
example is segmented in a landscape orientation as
viewed from, for example, the control room 8 in such a
manner that the i rows are arranged next to each other
in the Y direction and that the j columns are arranged
next to each other in the X direction.

[0034] The pit21isillustrated as being segmented with
a pitch that causes the pit 21 to be segmented into ap-
proximately 5 X 16 cells for simple illustration. The pit 21
of the present embodiment is, however, segmented into
areas P in such a manner that the areas P each have a
pitch used when the height measuring device 13 meas-
ures the respective heights of waste at different positions
on an X-Y plane of the pit 21 (that is, the areas P are
each in the shape of a square with sides measuring sev-
eral centimeters). The pit 21 may be segmented into ap-
proximately 100 X 320 cells, for example.

[0035] The pit 21 is equipped with one or more bring-
in doors 24 on the side of the Y1 direction. The example
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illustrated in Fig. 3 includes six bring-in doors 24. The
bring-in doors 24 each allow a garbage truck Q (see Fig.
2) to bring waste loaded thereon into the pit 21. The pair
of hoppers 22 are present on the far side of the pit 21 as
viewed from the entrance of the building 23, that is, on
the side of the Y2 direction, in correspondence with the
respective waste incinerators 3.

[0036] The description of the present embodiment us-
es, as an example, (i) the term "acceptance area" (that
is, an area for accepting waste brought in) to refer to the
area of the d row and e row (which are close to the bring-
in doors 24) and (ii) the term "stirring area" to refer to the
a row and b row (which are close to the hoppers 22).
[0037] In a case where waste on a garbage truck Q
has been broughtinto the pit 21, the pit monitoring device
4 recognizes the bringing-in of the waste. The pit moni-
toring device 4 may alternatively be configured to recog-
nize bringing-in of waste on the basis of receipt of waste
weight data transmitted from the weighing device 11 or
waste type data transmitted from the waste type regis-
tering device 12. The pit monitoring device 4 may alter-
natively be configured to recognize bringing-in of waste
on the basis of data on opening and closing of a bring-
in door 24 which data has been transmitted from the
waste pre-acceptance measurement facility 1. The pit
monitoring device 4 may alternatively be configured to
recognize bringing-in of waste on the basis of a change
in the height of a waste heap in the pit 21. The pit mon-
itoring device 4 may alternatively be configured to deter-
mine, on the basis of a combination of the above, whether
waste has been brought in.

(Events)

[0038] As described above, the height of a waste heap
in the pit 21 can be changed as a result of any of the
following events:

"Bringing-in": A garbage truck Q newly bringing
waste into the pit 21 through a bring-in door 24

"Stirring" (thatis, grabbing and dropping): The crane
5 grabbing waste inside the pit 21 and then dropping
the waste back into the pit 21 from a certain height
"Taking-out" (that is, grabbing and putting in): The
crane 5 grabbing waste inside the pit 21 and then
putting the waste into another facility (for example,
a hopper 22 or waste incinerator 3) outside the pit 21

[0039] Exampleeventsthatcausetheheightofawaste
heap to change include a "heap slide" in addition to the
above. A "heap slide" refers to a mass of waste at a high
position in a waste heap falling down without artificial
intervention of a crane or the like. A heap slide is in most
cases in no causal relationship with occurrence of any
of the above three events. A heap slide, of which aperson
is unable to control occurrence or prevention, differs in
nature from the above three events, each of which a per-
son is able to cause intentionally.
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[0040] The pit monitoring device 4 of the present em-
bodiment is capable of (i) recognizing occurrence of ei-
ther of a controllable event (which a person is able to
cause intentionally) oran uncontrollable event (which can
occur naturally) and (ii) identifying the event having oc-
curred.

<Configuration of pit monitoring device 4>

[0041] Fig. 1is ablock diagram illustrating an example
configuration of a main part of the pit monitoring device
4. The pit monitoring device 4 may be present inside the
above-described control room 8 or elsewhere. As illus-
trated, the pit monitoring device 4 includes a control sec-
tion 40, a storage section 41, a display section 42, and
an operation section 43. The control section 40 centrally
controls individual sections of the pit monitoring device
4. The storage section 41 stores various pieces of data
for use by the pit monitoring device 4. The display section
42 presents various pieces of data stored in the storage
section 41 to the user in such a manner that the user is
able to see the data. The operation section 43 accepts
an operation by the user on the pit monitoring device 4.
The display section 42 may be integrated with or external
to the pit monitoring device 4.

[0042] The pit monitoring device 4 further includes a
communication section (not shown) for communicating
with other devices (in the example illustrated in Fig. 1,
the weighing device 11, the waste type registering device
12, the height measuring device 13, the crane PLC 14,
and the incinerator monitoring device 7).

[0043] The control section 40 includes a data obtaining
section 60, an event determining section 61, a deposition
information generating section 62, an instructing section
63, and a display control section 64 each as a functional
block. Each functional block of the control section 40 de-
scribed above is achieved by, for instance, a central
processing unit (CPU) loading onto a random access
memory (RAM; not shown) a program stored in a storage
device (storage section 41) that is in the form of, for ex-
ample, a read-only memory (ROM) or a non-volatile ran-
dom access memory (NVRAM). The storage section 41
stores bringing-in data 70, measurement data 71, crane
data 72, eventinformation 73, and deposition information
74.

[0044] The data obtaining section 60 obtains various
pieces of data from other devices through the communi-
cation section (not shown), processes the data as nec-
essary, and stores the data in the storage section 41. For
instance, the data obtaining section 60 obtains various
pieces of data from the devices included in the waste
pre-acceptance measurement facility 1, imparts neces-
sary association to the data to generate bringing-in data,
and stores the bringing-in data in the storage section 41.
More specifically, the data obtaining section 60 obtains
waste weight data from the weighing device 11 and waste
type data from the waste type registering device 12, and
associates the waste weight data and the waste type
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data with each other to generate bringing-in data 70.
[0045] The data obtaining section 60 obtains from the
height measuring device 13 measurement data pro-
duced as a result of measuring the respective heights of
waste at different positions in the pit 21, and stores the
obtained data in the storage section 41 as measurement
data 71. The measurement data is information on the
respective heights of waste at different coordinates on
an X-Y plane in the pit 21.

[0046] The height measuring device 13 of the present
embodiment carries out measurement preferably at in-
tervals shorter than the intervals at which any of the fol-
lowing events occurs: bringing-in by a garbage truck Q
and stirring and taking-out by the crane 5. For instance,
in a case where any of the bringing-in, stirring and taking-
out events occurs at three-minute intervals on average,
the height measuring device 13 scans the upper surface
of (waste in) the pit21 at one-minute intervals to measure
the respective heights of waste at different positions. The
data obtaining section 60 thus obtains measurement data
every minute, associates the measurement data with a
measurement (obtaining) date and time expressed at
least in minutes, and stores the measurement data in the
storage section 41 as measurement data 71.

[0047] The above arrangement allows the pit monitor-
ing device 4 to monitor almost in real time the state of
the pit 21, in particular, the respective heights of waste
at different positions inside the entire pit 21. This in turn
allows the pit monitoring device 4 to, every time an event
has occurred inside the pit 21, accurately determine what
the event is.

[0048] The data obtaining section 60 obtains from the
crane PLC 14 data on, forexample, the path of movement
of the crane 5 and the weight of waste grabbing by the
bucket 53, and stores the data in the storage section 41
as crane data 72.

[0049] The event determining section 61 determines,
on the basis of various pieces of data obtained by the
data obtaining section 60 (namely, bringing-in data 70,
measurement data 71, and crane data 72), what event
has occurred inside the pit 21. The event determination
is based on an algorithm described later in detail. The
event determining section 61 generates event informa-
tion 73 including the determination result, and stores the
event information 73 in the storage section 41.

[0050] The deposition information generating section
62 generates deposition information 74 indicative of the
latest state of the inside of the pit 21 on the basis of
bringing-in data 70, measurement data 71, and event
information 73, and stores the deposition information 74
in the storage section 41. Deposition information 74 in-
dicates the state of how a waste heap inside the pit 21
has been stirred. For instance, deposition information 74
associates each space defined by X-Y-Z three-dimen-
sional coordinates inside the pit 21 with information on
attributes of a waste block present in that space. Exam-
ples of the attributes include the types of waste in the
waste block, the composition of the respective propor-
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tions of the waste types, and the degree or number of
times of stirring of the waste. The user is able to learn,
on the basis of the attribute information, the state of how
the waste in the waste block has been stirred.

[0051] The attributes of a waste block may further in-
clude the degree of combustion of waste. The combus-
tion degree is determined on the basis of, for example,
the waste type or the composition of the respective pro-
portions of the waste types. The combustion degree is,
as an example, expressed as one of the following three
stages: high, middle, and low. A waste block with a "high"
combustion degree produces a large amount of heat (for
example, a heat amount larger than expected) when
combusted. A "middle" combustion degree indicates that
a normal amount of heat is produced (for example, a
minimally required heat amount). A "low" combustion de-
gree indicates that a small amount of heat is produced
(for example, a heat amount smaller than expected).
[0052] The deposition information generating section
62 may further be configured to, on the basis of at least
the combustion degree among the combustion degree,
the composition of the respective proportions of the
waste types, the degree of stirring of the waste, and the
like each set for each waste block, calculate the amount
of heat (calories) predicted to be produced through in-
cineration. The deposition information generating section
62 may then provide each waste block with information
on the calculated calories. This arrangement allows the
user to check deposition information 74 to control the pit
monitoring device 4 and the crane PLC 14 in such a man-
ner as to cause a waste block provided with information
on high calories to be put into a hopper 22.

[0053] The three-dimensional coordinates may have
any pitch. For instance, deposition information 74 may
include the above-described types of information for each
of the blocks into which the space inside the pit 21 is
segmented and each of which has a size equivalent to
the bucket (that is, in the shape of a square with sides
measuring 1 to 2 m). Deposition information 74 may al-
ternatively include the above-described types of informa-
tion for each of the blocks into which the space inside
the pit 21 is segmented and each of which is in the shape
of a square with sides measuring several centimeters
(smaller blocks).

[0054] The instructing section 63 instructs the crane
PLC 14, while specifying detailed operations to be carried
out by the crane 5, to control how the crane 5 is to be
driven. Specifically, the instructing section 63 transmits,
to the crane PLC 14, information on (i) a position at which
the crane 5 is to carry out a grabbing operation (that is,
coordinates on an X-Y plane) and (ii) a position at which
the crane 5 is to carry out a dropping operation or putting-
in operation (that is, coordinates on an X-Y plane) for
stirring or taking-out instruction.

[0055] The instructing section 63 may transmit a stir-
ring or taking-out instruction in response to an instruction
entered by the user into the pit monitoring device 4
through the operation section 43 to drive the crane. The
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instructing section 63 may alternatively transmit the
above instruction in response to a putting-in instruction
from the incinerator monitoring device 7 or in a case
where the instructing section 63 has determined on the
basis of updated deposition information 74 that the in-
structing section 63 needs to transmit the above instruc-
tion. The instructing section 63 may further transmit, to
the crane PLC 14 on the basis of the current height of a
waste heap, information on a position (that is, a Z coor-
dinate) to which the bucket 53 is to be lifted or lowered.
[0056] The display control section 64 generates anim-
age that visualizes various pieces of data and information
stored in the storage section 41, and causes the display
section 42 to display the image. Specifically, the display
control section 64 is capable of causing the display sec-
tion 42 to display atleastone ofbringing-in data 70, meas-
urement data 71, crane data 72, event information 73,
and deposition information 74.

<Structure of various types of data>
(Bringing-in data)

[0057] Fig.4isadiagramillustrating a specificexample
of the data structure of bringing-in data 70. Bringing-in
data 70 is structured to have, for example, the following
items: bringing-in date and time, bringing-in entrance,
bringing-in amount, and waste type. The data obtaining
section 60 generates bringing-in data 70 each time a gar-
bage truck Q brings in waste.

[0058] The item "bringing-in date and time" indicates
information on the date and time when waste collected
by a garbage truck Q was brought into the pit 21. The
data obtaining section 60 may obtain, as bringing-in date
and time, information on the date and time when a staffer
entered data into an information processing device (for
example, the waste type registering device 12) placed in
the waste pre-acceptance measurement facility 1. The
data obtaining section 60 may alternatively obtain, as
bringing-in date and time, information on (i) the date and
time when the weighing device 11 obtained, generated,
or transmitted waste weight data or (ii) the date and time
when the waste type registering device 12 obtained, gen-
erated, or transmitted waste type data. The data obtain-
ing section 60 may alternatively receive, as bringing-in
date and time from an information processing device (not
shown) configured to control the opening and closing of
each bring-in door 24, information on the date and time
when a bring-in door 24 was opened and closed.
[0059] The item "bringing-in entrance" indicates infor-
mation on which of the bring-in doors 24 illustrated in Fig.
3 was used to bring in waste. For instance, the above
information processing device configured to control the
opening and closing of each bring-in door 24 may trans-
mit, to the pit monitoring device 4, information on the ID
of the bring-in door 24 that was opened and closed (each
bring-in door 24 has been assigned an ID). The data ob-
taining section 60 receives the information on the ID of
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the bring-in door 24 as information indicative of the bring-
ing-in entrance. Information on the bringing-in entrance
(that is, the ID of a bring-in door 24) is used by the pit
monitoring device 4 to estimate which area of the pit 21
illustrated in Fig. 3 waste was newly added in.

[0060] The item "bringing-in amount" indicates infor-
mation on the amount of waste brought into the pit 21.
For instance, the data obtaining section 60 receives
waste weight data from the weighing device 11 as infor-
mation on the bringing-in amount. The item "bringing-in
amount" may alternatively indicate information on the vol-
ume of waste.

[0061] The item "waste type" indicates information on
the type of waste brought into the pit 21. The data ob-
taining section 60 receives waste type data from the
waste type registering device 12 as information on the
waste type. For instance, the data obtaining section 60
stores, under "waste type", information indicative of a
combustible waste or an incombustible waste.

(Measurement data)

[0062] (a) and (b) of Fig. 5 are each a diagram illus-
trating a specific example of the data structure of meas-
urement data 71. Measurement data 71 is structured to
associate each point defined by XY coordinates on an
X-Y plane of the pit 21 with height information on the
height of waste.

[0063] (a) of Fig. 5illustrates an example of measure-
ment data 71 provided by the height measuring device
13. The three-dimensional graph illustrated in the draw-
ing is produced by (i) determining, on the basis of a dis-
tance measured by the height measuring device 13
through laser irradiation, the height of waste at each po-
sition defined by XY coordinates and (ii) plotting the value
of the height as a Z coordinate.

[0064] In another embodiment, measurement data 71
may be converted, on the basis of the above-described
three-dimensional graph, into a two-dimensional table il-
lustratedin (b) of Fig. 5. (b) of Fig. 5illustrates an example
case in which the pit 21 is segmented into 16 X 5 (= 80)
cells onan X-Y plane. Each cellis associated with a value
(cm) indicative of the height of the waste in the area cor-
responding to the cell. Measurement data 71, which is
formatted with a matrix of 5 X 16 (= 80) cells in the draw-
ing as an example, may be formatted with a matrix of 100
X 320 cells or even more cells, depending on the scan-
ning capacity (resolution) of the height measuring device
13.

[0065] Measurementdata 71 may be presented on the
display section 42 under control of the display control
section 64. Measurement data 71 may be presented in
the form of a three-dimensional graph as illustrated in (a)
of Fig. 5 or in the form of a two-dimensional table as
illustrated in (b) of Fig. 5.

[0066] The height measuring device 13 of the present
embodiment scans the upper surface of (waste in) the
pit 21 at one-minute intervals. Measurement data 71 is
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thus transmitted to the pit monitoring device 4 every
minute. The data obtaining section 60, each time it re-
ceives measurement data 71, associates the measure-
ment data 71 with information on the measurement date
and time, and stores the measurement data 71 in the
storage section 41.

(Crane data)

[0067] Fig.6isadiagramillustrating a specificexample
of the data structure of crane data 72. Crane data 72 is
structured to have, for example, the following items: driv-
ing date and time, X coordinate, Y coordinate, and bucket
weight. The data obtaining section 60 receives data on
the above items from the crane PLC 14, and stores the
data as crane data 72.

[0068] The item "driving date and time" indicates infor-
mation on the date and time when the crane PLC 14
determined the corresponding X coordinate, Y coordi-
nate, and bucket weight.

[0069] The item "X coordinate" indicates information
on the position of the bucket 53 in the X direction of the
waste acceptance facility 2, that is, the position of the
girder 51.

[0070] The item "Y coordinate" indicates information
on the position of the bucket 53 in the Y direction of the
waste acceptance facility 2, that is, the position of the
transverse carriage 52.

[0071] The item "bucket weight" indicates information
on the weight of waste grabbed by the bucket 53.
[0072] With crane data 72 stored, plotting the position
of the bucket 53 as XY coordinates for each driving date
and time allows the path of movement of the crane 5
(bucket 53) to be drawn. Further, a change in the weight
of waste inside the bucket 53 can indicate when and
where the crane 5 grabbed waste and how much the
crane 5 grabbed (or released).

[0073] The crane PLC 14 measures and monitors the
position (thatis, the XY coordinates) of the bucket 53 and
the bucket weight every several seconds or several min-
utes. The crane PLC 14 may transmit, to the pit monitor-
ing device 4, a piece of crane data 72 each time the crane
PLC 14 has carried out measurement (that is, every sev-
eral seconds or several minutes) or a plurality of pieces
of crane data 72 together every several tens of minutes
or several hours.

(Event information)

[0074] (a) and (b) of Fig. 7 are each a diagram illus-
trating a specific example of the data structure of event
information 73. Event information 73 is structured to
have, for example, the following items: occurrence date
and time, determination result, increase area, increase
amount, decrease area, and decrease amount as illus-
trated in (a) of Fig. 7. The event determining section 61,
each time new measurement data 71 is stored in the
storage section 41, compares the new measurement da-
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ta 71 with the immediately previously stored measure-
ment data 71 for an event determining process. In a case
where the event determining section 61 has determined
as a result of the event determining process that some
event (or part of the event) has occurred, the event de-
termining section 61 generates event information 73
about the event the occurrence of which the event deter-
mining section 61 has determined.

[0075] Events are classified into (i) short-term events
(which occur over a short period of time such as approx-
imately one minute), (ii) mid-term events (which occur
over a period of time of several minutes), and (iii) long-
term events (which occur gradually over several tens of
minutes to several hours or longer). For instance, "bring-
ing-in" and "heap slide" are short-term events. The event
determining section 61 is usually capable of determining
such events through a single event determining process
based on a single comparison. "Stirring" and "taking-out"
are mid-term events. The event determining section 61
is capable of determining such events through a plurality
of event determining processes based on a plurality of
(for example, two) comparisons. For instance, in a case
where the event determining section 61 determined
"grabbing" as a crane operation at a time point and de-
termined "dropping" several minutes later, the event de-
termining section 61 can determine on the basis of the
two determinations that "stirring" has occurred. The event
determining section 61 may determine "grabbing" as a
crane operation at a time point and determine "grabbing"
again several minutes later without determining "drop-
ping" subsequent to the first "grabbing" operation. In this
case, the event determining section 61 determines that
the previous "grabbing" operation is part of "taking-out"
and that "taking-out" has occurred. The event determin-
ing section 61 may also refer to crane data 72 to deter-
mine, even before determining the second "grabbing" op-
eration, that "taking-out" has occurred. Long-term events
will be described later in detail. The event determining
section 61 is capable of (i) tracking, on the basis of a
large number of pieces of measurement data 71, how
the height of waste changes over time and thereby (ii)
determining an event (for example, "sinking" due to the
self weight of the waste).

[0076] The event determining section 61 generates a
piece of event information 73 for each event (or crane
operation) determined through a single event determin-
ing process based on a single comparison. Thus, in a
case where a "heap slide" and a "grabbing" crane oper-
ation have occurred substantially simultaneously, the
event determining section 61 generates a total of two
pieces of event information 73: one for the "heap slide"
and the other for the "grabbing" operation.

[0077] The item "occurrence date and time" indicates
information on the date and time when an event deter-
mined by the event determining section 61 occurred. The
eventdetermining section 61 may use, as the occurrence
date and time, the measurement date and time for the
immediately previous measurement data 71 (first meas-
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urement date and time). The event determining section
61 may alternatively use, as the occurrence date and
time, (i) the measurement date and time for the latest
measurement data 71 (second measurement date and
time), (ii) an intermediate time point between the first
measurement date and time and the second measure-
ment date and time, or (iii) the period from the first meas-
urement date and time to the second measurement date
and time.

[0078] The item "determination result" indicates infor-
mation on the result of an event determining process car-
ried out by the event determining section 61. This item
has the sub-items "event" and "crane operation" as an
example. "Event" indicates information on an event de-
termined, and indicates an event such as "heap slide",
"bringing-in", "stirring", or "taking-out". "Crane operation"
indicates information on an operation by the crane 5
which operation is defined through a single event deter-
mining process, and indicates a crane operation such as
"grabbing" or "dropping". "Putting-in" is an operation of
putting waste into a hopper 22, and does not change the
height of waste in the pit 21. The event determining sec-
tion 61 thus does not determine "putting-in" on the basis
of only a comparison between different pieces of meas-
urement data 71.

[0079] The item "increase area" indicates information
on an area in the pit 21 in which area the height of waste
has increased. The event determining section 61 com-
pares the latest measurement data 71 with the immedi-
ately previous measurement data 71 to determine an in-
crease area. The event determining section 61 may de-
termine a plurality of increase areas inside the pit 21 on
the basis of a single comparison. An increase area is
indicated by any format of data on a group of XY coordi-
nates.

[0080] The item "increase amount" indicates informa-
tion on the weight of waste having increased in an in-
crease area described above. The event determining
section 61 may determine an increase amount on the
basis of (i) "bringing-in amount" described above, (ii)
"bucket weight" described above, or (iii) deposition infor-
mation 74 for a portion of a waste heap at which portion
a heap slide occurred, the deposition information 74 be-
ing stored before the heap slide.

[0081] Inacasewhere acrane operation that the event
determining section 61 has determined is "grabbing", the
event determining section 61 may leave the items "in-
crease area" and "increase amount" blank (null) for event
information 73 about the "grabbing" operation.

[0082] The item "decrease area" indicates information
on an area in the pit 21 in which area the height of waste
has decreased. The event determining section 61 com-
pares the latest measurement data 71 with the immedi-
ately previous measurement data 71 to determine one
or more decrease areas. A decrease area is indicated
by any format of data on a group of XY coordinates.
[0083] The item "decrease amount" indicates informa-
tion on the weight of waste having decreased in a de-
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crease area described above. The event determining
section 61 may determine a decrease amount on the
basis of (i) "bucket weight" described above or (ii) depo-
sition information 74 for a portion of awaste heap at which
portion a heap slide occurred, the deposition information
74 being stored before the heap slide.

[0084] The description below deals with a specific ex-
ample with reference to (b) of Fig. 7. In a case where the
event determining section 61 has defined an event
through a single determination as described above, the
event determining section 61 categorizes the thus-deter-
mined short-term event as an "event" (sub-item). For in-
stance, the eventdetermining section 61 generates event
information 73 indicating that "bringing-in" occurred at
"2017/5/1511:56". The eventdetermining section 61 also
inputs respective values under "increase area" and "in-
crease amount" (not detailed) in the event information
73 about the "bringing-in" event. A "bringing-in" event
does not involve a crane operation. The event determin-
ing section 61 may thus leave the item "crane operation"
blank (null) for the event information 73 about the "bring-
ing-in" event.

[0085] In a case where the event determining section
61 defines a mid-term event through two determinations,
the event determining section 61 first categorizes a crane
operation defined through a first determination as a
"crane operation" (sub-item) for a first piece of event in-
formation 73. For instance, the event determining section
61 generates event information 73 indicating that "grab-
bing" occurred at"2017/5/15 12:00". The event determin-
ing section 61 also inputs respective values under "de-
crease area" and "decrease amount" in the event infor-
mation 73 for the "grabbing" event.

[0086] Next, the event determining section 61 catego-
rizes a crane operation defined through a second deter-
mination as a "crane operation" (sub-item) for a second
piece of event information 73. For instance, the event
determining section 61 generates event information 73
indicating that "dropping" occurred at "2017/5/15 12:02".
The event determining section 61 also inputs respective
values under "increase area" and "increase amount" in
the event information 73 about the "dropping" event.
[0087] In a case where the event determining section
61 has determined that "dropping" has occurred after
"grabbing", the event determining section 61 pairs the
two pieces of information with each other to determine
that a single "stirring" event has occurred. Specifically,
the event determining section 61 pairs the event infor-
mation 73 for "grabbing" with the event information 73
for subsequent"dropping" and categorizes, as an "event"
(sub-item) and in association with the pair of pieces of
event information 73, the determination result indicating
that "stirring" has occurred.

[0088] Asanotherexample,the eventdetermining sec-
tion 61 generates event information 73 indicating that
"grabbing" occurred at "2017/5/ 15 12:03" about a crane
operation defined through a first determination. The
event determining section 61 then generates event infor-
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mation 73 indicating that "grabbing" occurred at
"2017/5/15 12:08" about a crane operation defined
through a second determination subsequent to the first
determination.

[0089] In a case where the event determining section
61 has determined that "grabbing" has occurred after the
immediately previous "grabbing" operation without oc-
currence of "dropping", the event determining section 61
determines on the basis of the immediately previous
"grabbing" operation thatoccurred at"12:03" that asingle
"taking-out" event has occurred. Specifically, the event
determining section 61 categorizes, as an "event" (sub-
item) and in association with the event information 73 for
the immediately previous "grabbing" operation, the de-
termination result indicating that "taking-out" has oc-
curred.

[0090] It is indeterminable at this time point whether
the newly determined "grabbing" operation that occurred
at" 12:08"is partofa "stirring" event or "taking-out" event.
The event determining section 61 thus leaves the sub-
item "event" blank in the event information 73 about the
new "grabbing" operation at the time when the "grabbing"
operation was determined. The event determining sec-
tion 61 will determine the current event on the basis of a
crane operation to be determined next or later.

[0091] The event determining section 61 is capable of
determining, before determining "grabbing" that occurred
at"12:08," that "grabbing" that occurred at "12:03" is part
of "taking-out". For instance, the event determining sec-
tion 61 refers to crane data 72 for the period of 12:03 to
12:08. In a case where during the period, (i) the bucket
53 is placed at such a position (that is, XY coordinates)
as to coincide with a hopper 22 and (ii) the bucket weight
is decreased by a value equivalent to the waste grabbed,
the event determining section 61 is capable of determin-
ing, on the basis of "grabbing" that occurred at "12:03"
that a single "taking-out" event has occurred.

(Deposition information)

[0092] Figs. 8 and 9 are each a diagram illustrating a
specific example of the data structure of deposition in-
formation 74. Deposition information 74 is structured
such that each position (that is, XYZ coordinates) in a
three-dimensional space of the pit 21 is associated with
information on attributes of a waste block present at that
position.

[0093] Forinstance, deposition information 74 is struc-
tured such that each position defined by XY coordinates
on an X-Y plane of the pit 21 is associated with a single
bar extending in the Z direction as illustrated in Fig. 8.
Each bar has (i) alower end in the Z direction which lower
end corresponds to the bottom surface of the pit 21 and
(i) an upper end in the Z direction which upper end cor-
responds to the highest point of the waste at the position.
In other words, each bar has a dimension in the Z direc-
tion which dimension corresponds to the height of waste
at the position.
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[0094] Each bar has Z coordinates each associated
with information on an attribute (specifically, the degree
of stirring) of the waste block present at that position
(height). The degree of stirring is information on how
much the waste has been stirred by the crane 5. A higher
degree of stirring indicates a higher homogeneity of
waste (thatis, a higher uniformity in terms of composition
of the respective proportions of different waste types).
[0095] The degree of stirring is expressed in percent-
age, with 0% indicating that the number of times of stirring
is 0 and 100% indicating an ideal number of times of
stirring which ideal number is based on, for example,
knowledge acquired from an experience. A larger per-
centage value indicates that the waste has been stirred
to a higher degree. The deposition information generat-
ing section 62 is capable of determining the degree of
stirring of a waste block on the basis of the number of
times of stirring which number has been counted by the
event determining section 61 on the basis of event infor-
mation 73. As another example, the degree of stirring
may be expressed in levels, with level 1 indicating that
the number of times of stirring is 0 and level 5 indicating
an ideal number of times of stirring. A higher level indi-
cates that the waste has been stirred to a higher degree.
[0096] Each bar has a portion(s) along the height of
the waste block which portion(s) is provided with a value
indicative of the degree of stirring of the waste block.
Different portions are preferably displayed differently in
a visual sense according to the degree of stirring. For
instance, different portions preferably have respective
colors different from each other according to the degree
of stirring.

[0097] Fig. 8 shows a bar 741 at a position defined by
an X coordinate on the fourth column (X4 column) and a
Y coordinate on the first row (Ya row). The bar 741 indi-
cates that at this position, the waste block present in a
space extending from the lower end to a height of one
third has a stirring degree of level 1 and the remaining
waste block (two thirds) has a stirring degree of level 2.
[0098] The deposition information generating section
62 may (i) determine a degree of stirring of waste be-
tween two bars adjacent to each other in the X or Y di-
rection or in an oblique direction and (ii) associate the
waste with the degree of stirring. The deposition infor-
mation generating section 62 determines that the degree
of stirring of the upper end (that is, the waste block
present at the top at the position) of that one of two ad-
jacent bars which bar has smaller XY coordinate values
is the degree of stirring associated with the pair of bars.
In the example illustrated in Fig. 8, the deposition infor-
mation generating section 62 determines, on the basis
of the fact that the degree of stirring of the upper end of
the bar 741 (which has smaller coordinate values)is level
2, that waste between the bar 741 and a bar 742 adjacent
to the bar 741 in the X direction and having a larger X-
coordinate value has a degree of stirring of level 2. The
pit monitoring device 4 then preferably connects the re-
spective upper ends of the adjacent bars with a line and
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displays the line in a color corresponding to the degree
of stirring associated with the bar pair. This arrangement
allows the user to intuitively understand the degree of
stirring of the surface of the entire waste heap inside the
pit 21.

[0099] The deposition information generating section
62 may (i) determine a degree of stirring of a set of three
bars adjacent to each other in the X or Y direction or in
an oblique direction and (ii) associate the set with the
degree of stirring. For instance, the deposition informa-
tion generating section 62 may determine a degree of
stirring of a bar set on the basis of the degree of stirring
of the upper end of one of the three bars. The pit moni-
toring device 4 then preferably draws a right triangle with
the vertexes at the respective upper ends of the three
bars, paints the right triangle in a color corresponding to
the degree of stirring associated with the bar set, and
displays the right triangle. This arrangement allows the
user to more intuitively understand the degree of stirring
of the surface of the entire waste heap inside the pit 21.
[0100] Deposition information 74 may be displayed on
the display section 42 in a two-dimensional form. Fig. 9
is a diagram illustrating deposition information 74 about
a plane on the first row as a Y coordinate (Ya row). For
instance, when the three-dimensional deposition infor-
mation 74 illustrated in Fig. 8 is displayed on the display
section 42, the user selects the Ya row and enters, into
the pit monitoring device 4 with use of the operation sec-
tion 43, an instruction to display two-dimensional depo-
sition information 74. The deposition information gener-
ating section 62, in response, reads out only deposition
information 74 on the Ya row and causes the display
section 42 to display the two-dimensional deposition in-
formation 74 illustrated in Fig. 9. This arrangement allows
the user to see a cross section of the waste heap inside
the pit 21 and thereby easily understand the degree of
stirring of not only the surface but also a lower layer of
the waste block. The example illustrated in the drawing
will allow the user tounderstand ata glance thatan upper-
layer portion of the waste heap has been stirred relatively
well, whereas a lower-layer portion thereof has been
hardly stirred.

[0101] Figs. 8 and 9 each illustrate deposition informa-
tion 74 with a large coordinate pitch for a three-dimen-
sional space for the purpose of easy view and simplified
description. The coordinate pitch of deposition informa-
tion 74 may, however, be smaller unlike in the example
illustrated in Figs. 8 and 9. Such a smaller coordinate
pitch, which may increase the processing load on the
deposition information generating section 62, allows the
user to accurately understand the state of a waste heap
inside the pit 21 in greater detail.

[0102] The deposition information generating section
62, each time the eventdetermining section 61 generates
event information 73, updates deposition information 74
in accordance with the newly generated event informa-
tion 73. Specifically, the deposition information generat-
ing section 62 updates deposition information 74 by, for
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example, changing the height of a bar for an area in which
the height of waste has been changed and/or recalculat-
ing the degree of stirring associated with a bar, a bar pair,
or a bar set.

<Process flow>
(Event determining process)

[0103] Fig. 10 is a flowchart illustrating the flow of an
event determining process that the event determining
section 61 carries out. In a case where the data obtaining
section 60 has obtained new measurement data 71 and
stored the measurement data 71 into the storage section
41 (YESin S101), the eventdetermining section 61 starts
an event determining process.

[0104] The eventdetermining section 61 reads out the
newly stored, latest measurement data 71 and immedi-
ately previously stored measurement data 71 from the
storage section41(S102). The eventdetermining section
61 compares the two pieces of measurement data 71. In
a case where there is one or more height change areas
in each of which the height of waste has increased or
decreased by not less than a predetermined value (YES
in S103), the event determining section 61 will determine
in detail what event has occurred in each height change
area.

[0105] Forinstance, first, in a case where there is one
or more decrease areas in each of which the height of
waste has decreased by not less than a predetermined
value (YES in S104), the event determining section 61
proceeds with one such decrease area as a target
(S105). For instance, in a case where the measurement
data 71 illustrated in (a) of Fig. 5 is the immediately pre-
vious measurement data 71, and the measurement data
71 illustrated in Fig. 12 is the current measurement data
71, a comparison between the two pieces of measure-
mentdata 71 shows that the area indicated with a broken
line in Fig. 12 is a decrease area in which the height of
waste has decreased by not less than a predetermined
value. The event determining section 61 will determine
what event has caused the height of waste to decrease
in the target decrease area indicated with the broken line.
[0106] The event determining section 61 reads out
crane data 72 from the storage section 41. The event
determining section 61 then determines whether the
crane data 72 has a history of operation of the crane 5
inthe targetdecrease area and a place near the decrease
area within the time frame extending from a first meas-
urement date and time for the immediately previous
measurement data 71 to a second measurement date
and time for the current measurement data 71 (S106).
In a case where the crane data 72 has a history of oper-
ation of the crane 5 in the target decrease area and a
place nearthe decrease area within the above time frame
(YES in S106), the event determining section 61 deter-
mines that the decrease in the height of waste in the
decrease area was caused by a "grabbing" operation by
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the crane 5 (S107).

[0107] Subsequently, the eventdetermining section 61
determines whether the storage section 41 stores a
record of a past "grabbing" operation entered before the
entry of the result of determination of the current "grab-
bing" crane operation which past "grabbing" operation
has not been paired with a "dropping" crane operation,
that is, has not been determined as to whether the past
"grabbing" operation is part of "stirring" or "taking-out"
(S108). In a case where the storage section 41 stores a
record of a past "grabbing" operation that has not been
determined as to whether the past "grabbing" operation
is part of "stirring" or "taking-out" (YES in S108), the event
determining section 61 determines on the basis of the
result of determination of the past "grabbing" operation
that "taking-out" has been carried out (S109). The event
determining section 61 has thus determined that the
crane 5 carried out two consecutive "grabbing" opera-
tions (with no determination of "dropping" therebetween).
This is based on the following assumption: The crane 5
released the grabbed waste at such a place as not to
change the height of the waste heap, that is, putthe waste
into a hopper 22, between the above two "grabbing" op-
erations.

[0108] In a case where the storage section 41 stores
no record of a past "grabbing" operation that has not been
determined as to whether the past "grabbing" operation
is part of "stirring" or "taking-out" (NO in S108), the event
determining section 61 may at this stage postpone de-
termining whether the current "grabbing" operation is part
of "stirring" or "taking-out" (S110). When the event de-
termining section 61 can refer to a history of operation
of the crane 5 within a time frame subsequent to the time
frame within which the current "grabbing" operation oc-
curred, the event determining section 61 will determine,
on the basis of the operation history, that the current
"grabbing" operation is an operation carried out by the
crane 5 as part of "taking-out". Specifically, the event
determining section 61 refers to crane data 72 (see Fig.
6) for a time frame subsequent to the time frame within
which the current "grabbing" operation occurred. In a
case where the XY coordinates indicative of the position
of the crane 5 are identical to those indicative of the po-
sition (X, Y) of a hopper 22 or are within a predetermined
distance from the position (X, Y) of a hopper 22, the event
determining section 61 determines that the waste was
put into the hopper 22 after the current "grabbing" oper-
ation. The event determining section 61, as a result, de-
termines on the basis of the current "grabbing" operation
and "putting-in" that "taking-out" has been carried out.
[0109] In a case where there is no decrease area in
S104, S105 to S108 are not carried out.

[0110] Inacasewherethe crane data 72 has no history
of operation of the crane 5 in the target decrease area
and a place near the decrease area within the above time
frame (NO in S106), the event determining section 61
proceeds further with, as a target, one or more increase
areas determined in S 103, and will check an increase
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area (S 111). A decrease in the height of the waste heap
which decrease has been caused in no relation to oper-
ation of the crane 5 is probably due to a heap slide. The
event determining section 61 will carry out the checking
operation below to definitively determine that a "heap
slide" has occurred.

[0111] The event determining section 61 determines
whether the target increase area is present around the
decrease area targeted in S105 (S112). In a case where
the increase area is present in such a pattern as to sur-
round the decrease area (YES in S112), the event de-
termining section 61 determines that the decrease in the
height of waste in the decrease area and the increase in
the height of waste in the increase area are due to the
same "heap slide" (S113).

[0112] In a case where the increase area as a target
does not meet the condition of S112 about the positional
relationship with the decrease area, or there is no de-
crease areain S104 (NO in S112), the event determining
section 61 determines that the waste increase in the in-
crease area is not due to a heap slide, and proceeds with
another checking operation. A waste increase is, if it is
not due to a heap slide, probably due to "bringing-in" or
"dropping". The event determining section 61 proceeds
with the checking operation below to determine whether
the waste increase is due to "bringing-in" or "dropping".
[0113] The event determining section 61 reads out
bringing-in data 70 from the storage section41. The event
determining section 61 then determines whether (i) the
increase area as a target belongs to the acceptance area
of the pit 21 and (ii) the bringing-in data 70 has a history
of waste having been brought in from a bring-in door 24
closest to the increase area within the time frame extend-
ing from the first measurement date and time to the sec-
ond measurement date and time (S114). In a case of
YES in S114, the event determining section 61 deter-
mines that the increase in the height of waste in the in-
crease area is due to "bringing-in" (S115). In a case of
NO in S114, the eventdetermining section 61 determines
thatthe increase is due to "dropping" (S116). The storage
section 41 stores a record of the result of determination
of "grabbing" which record was entered before the entry
of the result of determination of the current "dropping"
operation. This record of the result of determination is of
a "grabbing" operation that has not been determined as
to whether the "grabbing" operation is part of "stirring" or
"taking-out". The event determining section 61 thus pairs
the result of determination of the immediately previous
"grabbing" operation with the result of determination of
the current "dropping" operation, and determines on the
basis of these determination results that "stirring" has
been carried out (S117).

[0114] The event determining section 61 generates
event information 73 associated with the determination
result obtained in S107, S113, S115, or S116 about the
target decrease area or increase area as a target, and
stores the event information 73 in the storage section 41
(S118). The event determining section 61, on the basis
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of the determination result obtained in S109, also up-
dates the eventinformation 73 already stored in the stor-
age section 41.

[0115] Inacase where there are a plurality of decrease
areas or increase areas in S103, the event determining
section 61 returns from S118 to S104, and repeats S104
to S118 about another decrease area or increase area
as a target. This arrangement allows the pit monitoring
device 4 to, even in a case where a plurality of events
have occurred substantially simultaneously, determine
each of the events and record each determination result
as event information 73.

[0116] Ina case where a change in the height of waste
by not less than a predetermined value is not found an-
ywhere inside the pit 21 (NO in S103), the event deter-
mining section 61 determines that no event has occurred
(S119), and may end the process without generating
event information 73. The event determining section 61
then transitions into a state where the event determining
section 61 waits for subsequent measurement data 71.

(Deposition information generating process)

[0117] Fig. 11 is a flowchart illustrating the flow of a
deposition information generating process that the dep-
osition information generating section 62 carries out. In
a case where the event determining section 61 has gen-
erated new event information 73 and stored the event
information 73 into the storage section 41 (YES in S201),
the deposition information generating section 62 starts a
deposition information generating process.

[0118] In deposition information 74 of the present em-
bodiment, a waste block is expressed as a corresponding
bar. In the description below of the flowchart, an expres-
sion of the deposition information generating section 62
processing a waste block (for example, moving, remov-
ing, or adding a waste block) specifically means the dep-
osition information generating section 62 processing a
portion of the bar corresponding to the waste block.
[0119] In a case where the event information 73 indi-
cates a "heap slide" as a "determination result" (YES in
S202), the deposition information generating section 62
updates the deposition information 74. Specifically, the
deposition information generating section 62 moves a
waste block at an upper portion in a decrease area to an
upper portion in an increase area (S203). The deposition
information generating section 62 is capable of determin-
ing a decrease area and increase area on the basis of
the coordinates indicated by the event information 73.
The deposition information generating section 62 reads
out measurementdata 71 indicating a measurement date
and time identical (or close) to the occurrence date and
time indicated by the event information 73, and thereby
determines the height of waste in each area after the
movement. The deposition information generating sec-
tion 62 is also capable of determining, on the basis of
information on the increase amount and decrease
amount which information is included in the event infor-
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mation 73, the number of waste blocks to be moved. The
deposition information generating section 62 also up-
dates, on the basis of (i) the attribute information of the
waste block having been moved which attribute informa-
tion was information before the movement and (ii) the
attribute information of a waste block in the area to which
the above waste block was moved, the attribute informa-
tion of a waste block resulting from the movement. For
instance, the deposition information generating section
62 updates information on the waste types and/or com-
position of the respective proportions of the waste types
(S204). A "heap slide" may contribute to homogenizing
waste by moving waste similarly to "stirring" by the crane
5. The deposition information generating section 62 may
update information on the number of times of stirring,
degree of stirring, degree of combustion, and calories of
a waste block moved on the basis of a "heap slide". This
arrangement allows (i) a heap slide (that is, a mass of
waste in a waste heap falling down from a high position
to a lower area) to be determined and (ii) deposition in-
formation 74 to accurately represent the current state of
the waste.

[0120] In a case where the event information 73 indi-
cates "bringing-in" as a "determination result" (YES in
S205), the deposition information generating section 62
adds a new waste block at an upper portion in the in-
crease area (S206). The deposition information gener-
ating section 62 determines the number of waste blocks
for the addition on the basis of (i) the increase amount
indicated by the event information 73 or (ii) bringing-in
data 70 indicating a bringing-in date and time near the
occurrence date and time indicated by the event infor-
mation 73. The deposition information generating section
62 determines the attribute information of the waste block
for the addition (that is, the waste types, composition of
the respective proportions of the waste types, degree of
combustion, and calories) on the basis of bringing-in data
70. The deposition information generating section 62 nat-
urally sets each of the degree of stirring and number of
times of stirring to an initial value (for example, 0% or 0
times) because the waste has just been brought in. This
arrangement allows (i) an event of waste having been
brought into the pit 21 from a bring-in door 24 to be de-
termined and (ii) deposition information 74 to accurately
represent the current state of the waste.

[0121] In a case where the event information 73 indi-
cates "grabbing" as a "determination result" (YES in
S207), the deposition information generating section 62
determines whether the eventdetermining section 61 has
determined that "grabbing" as a "determination result"
indicated by event information 73 generated before the
currenteventinformation 73 is part of "taking-out" (S208).
In a case where the event determining section 61 has
not determined as such (NO in S208), the deposition in-
formation generating section 62 proceeds to S209 be-
cause the deposition information generating section 62
does not need to update the deposition information 74
on the basis of previous eventinformation 73. Specifical-
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ly, the deposition information generating section 62 re-
moves a waste block at an upper portion in the decrease
area that is based on the current event information 73,
and saves the removed waste block and the attribute
information thereof in a cache (S209). This is because it
is indeterminable at this time point whether the current
"grabbing" operation is part of "stirring" or "taking-out"
and thus where the removed waste block is to be moved
to.

[0122] In a case where the event determining section
61 has determined as above (YES in S208), the deposi-
tion information generating section 62 does not return,
into the pit 21, the waste block saved on the basis of the
previous "grabbing" operation, and deletes the waste
block from the cache (S210). This arrangement allows
(i) an event of grabbed waste having been put into a
hopper 22 to be determined and (ii) deposition informa-
tion 74 to accurately represent the current state of the
waste.

[0123] In a case where the event information 73 indi-
cates "dropping" as a "determination result" (YES in
S211), the deposition information generating section 62
moves, to the increase area, a waste block that the dep-
osition information generating section 62 saved in a
cache on the basis of previous event information 73 in-
dicating "grabbing" as a "determination result" (S212).
[0124] A "dropping" operating by the crane 5 may last
longer than a time interval (for example, one minute) at
which the height measuring device 13 scans the upper
surface of (waste in) the pit 21 to measure the height of
waste. In other words, after a single "grabbing" operation
is determined (S107 in Fig. 10), a plurality of "dropping"
operations may be determined consecutively (5116 in
Fig. 10). In view of that, the deposition information gen-
erating section 62, even after the deposition information
generating section 62 moves the waste block to the in-
crease area in S212, preferably keeps the waste block
saved in the cache. The deposition information generat-
ing section 62 may delete the above-kept waste block
from the cache when the event determining section 61
determines a subsequent "grabbing" operation. This is
because a subsequent "grabbing" operation should indi-
cate that the above "dropping" operation has already
been finished.

[0125] The deposition information generating section
62 also updates, on the basis of (i) the attribute informa-
tion of the waste block having been moved which attribute
information was information before the movement and
(i) the attribute information of a waste block in the area
to which the above waste block was moved, the attribute
information of a waste block resulting from the movement
(S213). For instance, the deposition information gener-
ating section 62 updates information on the waste types
and/or composition of the respective proportions of the
waste types. The current determination result of "drop-
ping" means a single "stirring" event has been carried
out. The deposition information generating section 62
thus updates information on the degree of stirring and/or
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number of times of stirring of the waste block resulting
from the movement. This arrangement allows (i) an event
of grabbed waste having been dropped onto a different
place inside the pit21 to be determined and (ii) deposition
information 74 to accurately represent the current state
of the waste.

[Modification example]

[0126] The event determining section 61 may deter-
mine, as a long-term event, "sinking" of waste due to its
self weight. The event determining section 61 may carry
outnotonly acomparison and event determining process
each time measurement data 71 is generated, but also
an event determining process for determination of along-
term event when measurement data 71 for a long term
(for example, one hour) has been stored into the storage
section 41 a plurality of times.

[0127] Forinstance, even in a case where a compari-
son between different pieces of measurement data 71
every minute does not indicate a decrease in the height
of waste by not less than a predetermined value, a com-
parison between a piece of measurement data 71 and
another piece of measurement data 71 generated one
hour later may indicate a decrease in the height of waste
by not less than a predetermined value. In such a case,
if no short-term or mid-term event did not occur during
the one-hour period, the event determining section 61 is
capable of determining that "sinking" occurred during the
one-hour period.

[0128] The deposition information generating section
62 updates deposition information 74 about the area in
which sinking occurred as the event determining section
61 has determined. Specifically, the deposition informa-
tion generating section 62 compresses the entire bar for
the area so that the height of the bar is reduced on the
basis of the height of waste indicated by the measure-
ment data 71. This arrangement allows deposition infor-
mation 74 to accurately represent an event of sinking of
waste due to its self weight.

[0129] The waste acceptance facility 2 of the waste
incineration plant 100 may include a plurality of cranes
5. In this case, the event determining section 61 may
determine a "grabbing" operation, a "dropping" operation
for "stirring", and a "putting-in" operation for "taking-out"
for each crane 5. The deposition information generating
section 62 may cache, for each crane 5, information on
a waste block and attribute information thereof for gen-
erating deposition information 74. This arrangement
makes it possible to analyze, for example, the rate of
operation of each crane 5, and allows the analysis result
to be used to control the operation of each crane 5 effi-
ciently.

[0130] The deposition information generating section
62 is configured to, on the basis of the result of determi-
nation of "taking-out", delete information on the waste
block taken out of the pit 21, that is, the waste block put
into a hopper 22, and attribute information of the waste
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block from the cache (S210 in Fig. 11). The present em-
bodiment is, however, not limited to such an arrange-
ment. The deposition information generating section 62
may be configured to delete information on the waste
block put into a hopper 22 and attribute information of
the waste block from the cache and store the information
on the waste block and attribute information into the stor-
age section 41 in a nonvolatile manner as taking-out data.
Taking-out data is structured to have, for example, the
following items: putting-in date and time, putting-in des-
tination, putting-in amount, and attribute information.
"Putting-in date and time" indicates information on the
date and time when a waste block was put into a hopper
22. "Putting-in destination" indicates information on
which hopper 22 the waste block was put into. "Putting-
in amount" indicates information on the amount (that is,
weight or volume) of the waste block put in. "Attribute
information" is information set for the waste block. Ex-
ample attributes indicated by attribute information in-
clude, as described above, the types of waste in the
waste block, the composition of the respective propor-
tions of the waste types, the degree of stirring of the waste
block, the number of times of stirring of the waste block,
the degree of combustion of the waste block, and the
calories of the waste block.

[0131] The above arrangement allows the storage sec-
tion 41 to store data on waste put into a hopper 22, and
thereby makes it possible to learn how combustion at the
waste incinerators 3 and waste put in correlate to each
other. Analyzing the correlation makes it possible to de-
termine what types of waste a waste block to be put in
should contain (or what proportion composition the waste
block should have) and when the waste block should be
put in. This in turn makes it possible to control the waste
incineration plant 100 on the basis of taking-out data for
stable combustion.

[0132] The height measuring device 13 may be, other
than a three-dimensional scanner including a laser sen-
sor mounted therein, (i) a device for measuring the height
on the basis of parallax of a plurality of cameras or (ii) a
device for measuring the height with use of a stereo cam-
era.

[Example of Configuration Achieved by Software]

[0133] Control blocks of the pit monitoring device 4
(particularly, the data obtaining section 60, the event de-
termining section 61, the deposition information gener-
ating section 62, the instructing section 63, and the dis-
play control section 64) can be realized by a logic circuit
(hardware) provided in an integrated circuit (IC chip) or
the like or can be alternatively realized by software as
executed by a central processing unit (CPU).

[0134] In the latter case, the pit monitoring device 4
includes a CPU that executes instructions of a program
that is software realizing the foregoing functions; a read-
only memory (ROM) or a storage device (each referred
to as "storage medium") in which the program and various



29 EP 3 643 967 B1 30

kinds of data are stored so as to be readable by a com-
puter (or a CPU); and a random access memory (RAM)
that develops the program in executable form. An object
of the present invention can be achieved by a computer
(or a CPU) reading and executing the program stored in
the storage medium. Examples of the storage medium
encompass "a non-transitory tangible medium" such as
a tape, a disk, a card, a semiconductor memory, and a
programmable logic circuit. The program can be supplied
to the computer via any transmission medium (such as
a communication network or a broadcast wave) which
allows the program to be transmitted. Note that an aspect
of the present invention can also be achieved in the form
of a computer data signal in which the program is em-
bodied via electronic transmission and which is embed-
ded in a carrier wave.

[0135] The present invention is not limited to the em-
bodiments, but can be altered by a skilled person in the
art within the scope of the claims. The present invention
also encompasses, in its technical scope, any embodi-
ment derived by combining technical means disclosed in
differing embodiments.

[0136] The information processing device described
above can be realized by a computer. The computer is
operated based on (i) an information processing program
for causing the computer to realize the information
processing device by causing the computer to operate
as each section (software element) included in the infor-
mation processing device and (ii) a computer-readable
storage medium in which the information processing pro-
gram is stored.

Reference Signs List

[0137]

4 Pit monitoring device (information processing de-
vice)

5 Crane

11 Weighing device

12 Waste type registering device

13 Height measuring device (three-dimensional
measurement device)

14  Crane PLC

21 Pit

22  Hopper

24 Bring-in door

60 Data obtaining section

61  Event determining section

62  Deposition information generating section

63 Instructing section

64  Display control section

70  Bringing-in data

71 Measurement data (first measurement data, sec-
ond measurement data, third measurement data,
three-dimensional measurement data)

72  Crane data

73  Eventinformation

10

15

20

25

30

35

40

45

50

55

16

74  Deposition information

Claims

1. Aninformation processing device (4) for monitoring
waste deposited inside a pit (21), the information
processing device (4) comprising:

a data obtaining section (60) configured to ob-
tain a plurality of pieces of measurement data
(71) that is generated by a height measuring de-
vice (13) each time the height measuring device
(13) carries out measurement and that indicates
a height of the waste,

wherein the height measuring device (13) is a
three-dimensional measurement device for
measuring a surface shape of the waste depos-
ited inside the pit (21),

the information processing device (4) further
comprises:

an event determining section (61) config-
ured to

compare (i) first measurement data
generated as aresult of previous meas-
urement with (ii) second measurement
data generated as a result of later
measurement, both the first measure-
ment data and the second measure-
ment data being in a form of three-di-
mensional measurement data indica-
tive of a shape of the waste,
determine one or more sets of XY-co-
ordinate values as one or more respec-
tive height change areas in the pit (21)
at each of which one or more sets the
height of the waste which height is in-
dicated with a Z-coordinate value has
been changed by not less than a pre-
determined value,

determine an event related to move-
ment of the waste that occurred in each
of the one or more determined height
change areas; and

a deposition information generating section
(62) configured to, on a basis of the event
determined, generate deposition informa-
tion (74) indicative of a state of how the
waste deposited inside the pit(21) has been
stirred.

2. The information processing device according to
claim 1, wherein

the data obtaining section (60) is configured to
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obtain the plurality of pieces of measurement
data (71) at an interval shorter than an interval
at which the event occurs inside the pit (21),
the event determining section (61) is configured
to, each time the data obtaining section (60) ob-
tains a piece of the measurement data, deter-
mine the event by comparing (i) the second
measurement data, which was obtained latest,
with (ii) the first measurement data, which was
obtained second latest, and

the deposition information generating section
(62) is configured to update the deposition infor-
mation each time the event determining section
(61) determines the event.

3. The information processing device according to
claim 1, wherein

the data obtaining section (60) is configured to
obtain (i) crane data (72) indicative of a history
of operation of a crane carrying the waste inside
the pit (21) and (ii) bringing-in data (70) indica-
tive of a history of waste being brought into the
pit (21), and

the event determining section (61) is configured
to, in a case where

(i) a decrease area in which the height of
the waste was decreased and an increase
area around the decrease area in which in-
crease area the height of the waste was in-
creased have been determined among the
one or more height change areas,

(i) the crane data (72) does not have a his-
tory of operation of the crane in the one or
more height change areas within a first
measurement time frame that extends from
a first measurement date and time at which
the first measurement data was generated
to a second measurement date and time at
which the second measurement data was
generated, and

(iii) the bringing-in data (70) does not have
a history of waste being broughtinto the one
or more height change areas within the first
measurement time frame,

determine that a heap slide occurred in the one
or more height change areas within the first
measurement time frame, the heap slide being
an event of waste moving from a high position
to a low position without artificial intervention.

4. The information processing device according to
claim 1, wherein

the event determining section (61) is configured
to,
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in a case where the decrease area has been
determined through comparison between the
first measurement data and the second meas-
urement data, and the crane data (72) has a
history of operation of the crane in the decrease
area within the first measurement time frame,
determine a first crane operation of the crane
grabbing waste in the decrease area,

in a case where the increase area has been de-
termined through comparison between the sec-
ond measurement data and third measurement
data generated after the second measurement
data, and the crane data (72) has a history of
operation ofthe crane in the increase area within
a second measurement time frame that extends
from the second measurement date and time to
a third measurement date and time at which the
third measurement data was generated, deter-
mine a second crane operation of the crane
dropping the grabbed waste in the increase ar-
ea, and

determine on a basis of the first and second
crane operations that a stirring event occurred.

5. The information processing device according to
claim 1, wherein

the deposition information generating section
(62) is configured to

generate the deposition information by (i) plot-
ting the Z coordinate value, which indicates the
height of the waste, for each set of XY coordi-
nates which set indicates a position on a plane
inside the pit (21) and (ii) associating each set
of XYZ coordinates which set indicates a spatial
position inside the pit with a degree of stirring of
a waste block associated with the set of XYZ
coordinates, and

in a case where the event determining section
(61) has determined atleast either the heap slide
or the stirring event, move a waste block in the
decrease area to the increase area in the dep-
ositioninformation and update the degree of stir-
ring in the deposition information which degree
of stirring is of a waste block resulting from the
moving.

6. Aninformation processing method that is carried out
by an information processing device (4) for monitor-
ing waste deposited inside a pit (21),
the method comprising:

obtaining a plurality of pieces of measurement
data (71) that is generated by a height measur-
ing device (13) each time the height measuring
device (13) carries out measurement and that
indicates a height of the waste,

wherein the height measuring device (13) is a
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three-dimensional measurement device for
measuring a surface shape of the waste depos-
ited inside the pit,

the information processing method further com-
prises:

comparing (i) first measurement data gen-
erated as a result of previous measurement
with (ii) second measurement data gener-
ated as a result of later measurement, both
the first measurement data and the second
measurement data being in a form of three-
dimensional measurement data indicative
of a shape of the waste,

determining one or more sets of XY-coordi-
nate values as one or more respective
height change areas in the pit (21) at each
of which one or more sets the height of the
waste which height is indicated with a Z-
coordinate value has been changed by not
less than a predetermined value,
determining an event related to movement
of the waste that occurred in each of the one
or more determined height change areas;
and

on a basis of the event determined, gener-
ating deposition information indicative of a
state of how the waste deposited inside the
pit (21) has been stirred.

Patentanspriiche

1.

Informationsverarbeitungs-Vorrichtung (4) zum
Uberwachen von in einer Grube (21) abgelagertem
Abfall, wobeidie Informationsverarbeitungs-Vorrich-
tung (4) umfasst:

einen Abschnitt (60) zum Erfassen von Daten,
der so konfiguriert ist, dass er eine Vielzahl von
Messungs-Daten (71) erfasst, die von einer H6-
henmessvorrichtung (13) immer dann erzeugt
werden, wenn die H6henmessvorrichtung (13)
Messung ausfihrt, und die eine Hohe des Ab-
falls angeben,

wobei

die Héhenmessvorrichtung (13) eine Vorrich-
tung fir dreidimensionale Messung ist, mit der
eine Oberflachenform des in der Grube abgela-
gerten Abfalls (21) gemessen wird,

und die Informationsverarbeitungs-Vorrichtung
(4) des Weiteren umfasst:

einen Abschnitt (61) zum Bestimmen eines
Ereignisses, der konfiguriert ist zum:

Vergleichen (i) als ein Ergebnis friihe-
rer Messung erzeugter erster Mes-
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sungs-Daten mit (ii) als ein Ergebnis
spaterer Messung erzeugten zweiten
Messungs-Daten, wobei sowohl die
ersten Messungs-Daten als auch die
zweiten Messungs-Daten in Form drei-
dimensionaler Messungs-Daten vorlie-
gen, die eine Form des Abfalls ange-
ben,

Bestimmen eines Satzes oder mehre-
rer Satze von XY-Koordinatenwerten
als einen oder mehrere jeweiligen/je-
weilige Hohenanderungs-Bereich/Be-
reiche in der Grube (21), wobei an je-
demvon dem einen Satz oder den meh-
reren Satzen die Hohe des Abfalls, die
mit einem Z-Koordinatenwert ange-
zeigt wird, um nicht weniger als um ei-
nen vorgegebenen Wert gedndert wor-
den ist,

Bestimmen eines Ereignisses, das sich
auf Bewegung des Abfalls bezieht, die
in jedem von dem einen oder den meh-
reren HOhenanderungs-Bereich/Berei-
chen aufgetreten ist; und

einen Abschnitt (62) zum Erzeugen von Ab-
lagerungs-Informationen, der so konfigu-
riert ist, dass er auf Basis des bestimmten
Ereignisses  Ablagerungs-Informationen
(74) erzeugt, die einen Zustand dahinge-
hend angeben, wie der in der Grube (21)
abgelagerte Abfall geriihrt worden ist.

Informationsverarbeitungs-Vorrichtung nach An-
spruch 1, wobei

der Abschnitt (60) zum Erfassen von Daten so
konfiguriert ist, dass er die Vielzahl von Mes-
sungs-Daten (71) in einem Intervall erfasst, das
kirzer ist als ein Intervall, in dem das Ereignis
in der Grube (21) auftritt,

der Abschnitt (61) zum Bestimmen eines Ereig-
nisses so konfiguriert ist, dass er immer dann,
wenn der Abschnitt (60) zum Erfassen von Da-
ten ein Element von Messungs-Daten erfasst,
das Ereignis bestimmt, indem er die (i) als letzte
erfassten zweiten Messungs-Daten mit den (ii)
als vorletzte erfassten ersten Messungs-Daten
vergleicht, und

der Abschnitt (62) zum Erzeugen von Ablage-
rungs-Informationen so konfiguriert ist, dass er
die Ablagerungs-Informationen immer dann ak-
tualisiert, wenn der Abschnitt (61) zum Bestim-
men eines Ereignisses das Ereignis bestimmt.

Informationsverarbeitungs-Vorrichtung nach An-
spruch 1, wobei
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der Abschnitt (60) zum Erfassen von Daten so
konfiguriert ist, dass er (i) Kran-Daten (72), die
einen Verlauf von Betatigung eines Krans an-
geben, der den Abfall in die Grube (21) beftr-

Verlauf von Betatigung des Krans in dem Ab-
nahme-Bereich innerhalb des ersten Mes-
sungs-Zeitrahmens aufweisen,

19

Feststellen einer zweiten Kran-Betatigung von
Fallenlassen des aufgenommenen Abfalls in
dem Zunahme-Bereich durch den Kran, wenn
durch Vergleich zwischen den zweiten Mes-

dert, sowie (ii) Einbringungs-Daten (70) erfasst, % sungs-Daten und nach den zweiten Messungs-
die einen Verlauf des Einbringens von Abfall in Daten erzeugter dritter Messungs-Daten der Zu-
die Grube (21) angeben, und nahme-Bereich bestimmt worden ist und die
der Abschnitt (61) zum Bestimmen eines Ereig- Kran-Daten (72) einen Verlauf von Betatigung
nisses dann, wenn des Krans in dem Zunahme-Bereich innerhalb
10 eines zweiten Messungs-Zeitrahmens aufwei-
(i) ein Abnahme-Bereich, in dem die Héhe sen, der sich von dem zweiten Messungs-Da-
des Abfalls verringert wurde, und ein Zu- tum/der zweiten Messungs-Uhrzeit bis zu einem
nahme-Bereich um den Abnahme-Bereich dritten Messungs-Datum/einer dritten Mes-
herum, in dem die Hohe des Abfalls vergro- sungs-Uhrzeit erstreckt, zu dem/der die dritten
RBertwurde, unter demeinemoderdenmeh- 75 Messungs-Daten erzeugt wurden, und
reren HOhenanderungs-Bereich/en be- Feststellen, dass ein Rihr-Ereignis stattgefun-
stimmt worden sind, den hat, auf Basis der ersten und der zweiten
(i) die Kran-Daten (72) keinen Verlauf von Kran-Betatigung.
Betatigung des Krans in dem einen oder
den  mehreren Ho6henanderungs-Be- 20 5. Informationsverarbeitungs-Vorrichtung nach An-
reich/en innerhalb eines ersten Messungs- spruch 1, wobei der Abschnitt (62) zum Erzeugen
Zeitrahmens aufweisen, der sich von einem von Ablagerungs-Informationen konfiguriert ist zum:
ersten Messungs-Datum/einer ersten Mes-
sungs-Uhrzeit, zu dem/der die ersten Mes- Erzeugen der Ablagerungs-Informationen
sungs-Daten erzeugt wurden, bis zu einem 25 durch (i) grafisches Darstellen des Z-Koordina-
zweiten Messungs-Datum/einer zweiten tenwertes, der die Hohe des Abfalls angibt, fir
Messungs-Uhrzeit erstreckt, zu dem/der jeden Satz von XY-Koordinaten, der eine Posi-
die zweiten Messungs-Daten erzeugt wur- tion auf einer Ebene innerhalb der Grube (21)
den, und angibt, sowie (ii) Verknlpfen jedes Satzes von
(iii) die Einbringungs-Daten (70) keinen 30 XYZ-Koordinaten, der eine raumliche Position
Verlauf von Einbringen von Abfall in den ei- innerhalb der Grube angibt, mit einem Grad von
nen oder die mehreren Hohenanderungs- RUhren eines Abfallblocks, der mit dem Satz von
Bereich/e innerhalb des ersten Messungs- XYZ-Koordinaten verknipft ist, und
Zeitrahmens aufweisen, konfiguriert ist Bewegen eines Abfallblocks in dem Abnahme-
zum: 35 Bereich in den Zunahme-Bereich in den Abla-
gerungs-Informationen sowie Aktualisieren des
Feststellen, dass in dem einen oder den meh- Grades von Rihren in den Ablagerungs-Infor-
reren Hohenanderungs-Bereich/en innerhalb mationen, der ein aus dem Bewegen resultie-
des ersten Messungs-Zeitrahmens ein Halden- render Grad von Riihren eines Abfallblocks ist,
Abrutschen stattgefunden hat, wobeies sichbei 40 wenn der Abschnitt (61) zum Bestimmen eines
dem Halden-Abrutschen um ein Ereignis han- Ereignisses entweder das Halden-Abrutscher-
delt, bei dem sich Abfall ohne Eingriff von aufen eignis oder das Ruhrereignis festgestellt hat.
von einer hohen Position zu einer niedrigen Po-
sition bewegt. 6. Informationsverarbeitungs-Verfahren, das von einer
45 Informationsverarbeitungs-Vorrichtung  (4) zum
4. Informationsverarbeitungs-Vorrichtung nach An- Uberwachen von in einer Grube (21) abgelagertem
spruch 1, wobei der Abschnitt (61) zum Bestimmen Abfall durchgefiihrt wird,
eines Ereignisses konfiguriert ist zum: wobei das Verfahren umfasst:
Feststellen einer ersten Kran-Betatigung von 50 Erfassen einer Vielzahl von Messungs-Daten
Aufnehmen von Abfallin dem Abnahme-Bereich (71), die von einer Hohenmessvorrichtung (13)
durchden Kran, wenn durch Vergleichzwischen immer dann erzeugt werden, wenn die Hohen-
den ersten Messungs-Daten und den zweiten messvorrichtung (13) Messung ausfihrt, und
Messungs-Daten der Abnahme-Bereich be- die eine Hohe des Abfalls angeben,
stimmtworden istund die Kran-Daten (72) einen 55 wobei

die H6henmessvorrichtung (13) eine Vorrich-
tung fur dreidimensionale Messung zum Mes-
sen einer Oberflachenform des in der Grube ab-
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gelagerten Abfalls ist, und
das Informations-Verarbeitungsverfahren des
Weiteren umfasst:

Vergleichen (i) als ein Ergebnis friiherer
Messung erzeugter erster Messungs-Da-
ten mit (ii) als ein Ergebnis spaterer Mes-
sung erzeugten zweiten Messungs-Daten,
wobei sowohl die ersten Messungs-Daten
als auch die zweiten Messungs-Daten in
Form dreidimensionaler Messungs-Daten
vorliegen, die eine Form des Abfalls ange-
ben,

Bestimmen eines Satzes oder mehrerer
Séatze von XY-Koordinatenwerten als einen
oder mehrere jeweiligen/jeweilige Ho6-
henanderungs-Bereich/Bereiche in der
Grube (21), wobei an jedem von dem einen
Satz oder den mehreren Séatzen die Hohe
des Abfalls, die mit einem Z-Koordinaten-
wert angezeigt wird, um nicht weniger als
um einen vorgegebenen Wert geandert
worden ist,

Bestimmen eines Ereignisses, das sich auf
Bewegung des Abfalls bezieht, die in jedem
von dem einen oder den mehreren Ho6-
henanderungs-Bereich/Bereichen aufge-
treten ist; und

Erzeugen von Ablagerungs-Informationen,
die einen Zustand dahingehend angeben,
wie der in der Grube (21) abgelagerter Ab-
fall gerihrt worden ist, auf Basis des be-
stimmten Ereignisses.

Revendications

1. Dispositif de traitement d’information (4) pour sur-
veiller des déchets déposés a l'intérieur d’'une fosse
(21), le dispositif de traitement d’'information (4)
comprenant :

une section d’obtention de données (60) confi-
gurée pour obtenir une pluralité d’éléments de
données de mesure (71) qui sont générées par
un dispositif de mesure de hauteur (13) chaque
fois que le dispositif de mesure de hauteur (13)
met en oeuvre une mesure et qui indiquent une
hauteur des déchets,

dans lequel le dispositif de mesure de hauteur
(13) est un dispositif de mesure en trois dimen-
sions pour mesurer une forme de surface des
déchets déposés a l'intérieur de la fosse (21),
le dispositif de traitement d’information (4) com-
prend en outre :

une section de détermination d’événement
(61) configurée pour :
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comparer (i) des premieres données de
mesure générées en tant que résultat
d’'une mesure antérieure avec (ii) des
deuxiemes données de mesure géné-
rées en tant que résultat d’'une mesure
ultérieure, le jeu de premiéres données
de mesure et le jeu de deuxiemes don-
nées de mesure se présentant tous
deux sous la forme de données de me-
sure en trois dimensions indicatives
d’une forme des déchets ;

déterminer un ou plusieurs jeux de va-
leurs de coordonnées XY en tant
qu’une ou plusieurs zones de modifica-
tion de hauteur respectives dans la fos-
se (21), un ou plusieurs jeux pour les-
quels la hauteur des déchets, laquelle
hauteur est indiquée a l'aide d’une va-
leur de coordonnée Z, a été modifiée
de pas moins qu'une valeur
prédéterminée ; et

déterminer un événement lié au dépla-
cement des déchets qui s’est produit
au niveau de chacune des une ou plu-
sieurs zones de modification de hau-
teur déterminées ; et

une section de génération d’information de
dépdt (62) configurée pour, sur la base de
I'événement déterminé, générer une infor-
mation de dépbt (74) indicative de la fagon
dont les déchets déposés a l'intérieur de la
fosse (21) ont été brassés.

2. Dispositif de traitement d’information selon la reven-
dication 1, dans lequel :

la section d’obtention de données (60) est con-
figurée pour obtenir la pluralité d’éléments de
données de mesure (71) au niveau d’un inter-
valle plus courtqu’unintervalle au niveau duquel
I'événement se produit a l'intérieur de la fosse
(21);

la section de détermination d’événement (61)
est configurée pour, chaque fois que la section
d’obtention de données (60) obtient un élément
des données de mesure, déterminer I'événe-
ment en comparant (i) les deuxiemes données
de mesure, qui ont été obtenues le plus récem-
ment, avec (ii) les premieres données de mesu-
re qui ont été obtenues juste avant ; et

la section de génération d’information de dép6t
(62) est configurée pour mettre a jour I'informa-
tion de dép6t chaque fois que la section de dé-
termination d’événement (61) détermine I'évé-
nement.

3. Dispositif de traitement d’information selon la reven-
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dication 1, dans lequel :

la section d’obtention de données (60) est con-
figurée pour obtenir (i) des données d’appareil
de levage (72) indicatives d’un historique de
fonctionnement d’'un appareil de levage qui
transporte les déchets a l'intérieur de la fosse
(21) et (ii) des données d’'amenée (70) indicati-
ves d’un historique d’amenée de déchets a I'in-
térieur de la fosse (21) ; et

la section de détermination d’événement (61)
est configurée pour, dans le cas ou

(i) une zone de diminution dans laquelle la
hauteur des déchets a diminué et une zone
d’augmentation, au voisinage de la zone de
diminution zone d’augmentation, dans la-
quelle la hauteur des déchets a augmenté
ont été déterminées parmi les une ou plu-
sieurs zones de modification de hauteur ;
(i) les données d’appareil de levage (72) ne
comportent pas un historique de fonction-
nementde I'appareil de levage dans les une
ou plusieurs zones de modification de hau-
teur a l'intérieur d’'un premier laps de temps
de mesure qui s’étend depuis des premiée-
res date et heure de mesure auxquelles les
premiéres données de mesure ont été gé-
nérées jusqu’a des deuxiémes date et heu-
re de mesure auxquelles les deuxiemes
données de mesure ont été générées ; et
(iii) les données d’amenée (70) ne compor-
tent pas un historique d’amenée de déchets
dans les une ou plusieurs zones de modifi-
cation de hauteur a lintérieur du premier
laps de temps de mesure ;

déterminer qu’un glissement d’amoncellement
s’est produit dans les une ou plusieurs zones de
modification de hauteur a l'intérieur du premier
laps de temps de mesure, le glissementd’amon-
cellement étant un événement de déplacement
des déchets depuis une position haute jusqu’a
une position basse sans intervention artificielle.

Dispositif de traitement d’'information selon la reven-
dication 1, dans lequel :

la section de détermination d’événement (61) est
configurée pour :

dans le cas ou la zone de diminution a été dé-
terminée par I'intermédiaire d’'une comparaison
entre les premiéres données de mesure et les
deuxiémes données de mesure et ou les don-
nées d’appareil de levage (72) comportent un
historique de fonctionnement de I'appareil de le-
vage dans la zone de diminution a l'intérieur du
premier laps de temps de mesure, déterminer
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6.

une premiere opération d’appareil de levage
consistant en ce que I'appareil de levage saisit
les déchets dans la zone de diminution ;

dans le cas ou la zone d’augmentation a été
déterminée par I'intermédiaire d’'une comparai-
son entre les deuxiemes données de mesure et
des troisiemes données de mesure générées
aprés les deuxiemes données de mesure et ou
les données d’appareil de levage (72) compor-
tent un historique de fonctionnement de I'appa-
reil de levage dans la zone d’augmentation a
I'intérieur d’'un second laps de temps de mesure
qui s’étend depuis les deuxiemes date et heure
de mesure jusqu’a des troisiemes date et heure
de mesure auxquelles les troisiemes données
de mesure ontété générées, déterminerune se-
conde opération d’appareil de levage consistant
en ce que l'appareil de levage fait tomber les
déchets saisis dans la zone d’augmentation ; et
déterminer, surlabase des premiere et seconde
opérations d’appareil de levage, qu’un événe-
ment de brassage s’est produit.

Dispositif de traitement d’information selon la reven-
dication 1, dans lequel :

la section de génération d’'information de dép6t (62)
est configurée pour :

générer l'information de dépét en (i) tracant la
valeur de coordonnée Z, laquelle indique la hau-
teur des déchets, pour chaque jeu de coordon-
nées XY, lequel jeu indique une position sur un
plan al'intérieur de la fosse (21), et en (ii) asso-
ciant chaque jeu de coordonnées XYZ, lequel
jeu indique une position spatiale a l'intérieur de
la fosse, a un degré de brassage d’un bloc de
déchets associé au jeu de coordonnées XY ; et
dansle cas oula section de détermination d’évé-
nement (61) a déterminé au moins soit le glis-
sement d’amoncellement, soit 'événement de
brassage, déplacer un bloc de déchets dans la
zone de diminution jusqu’a la zone d’augmen-
tation selon l'information de dépét et mettre a
jour le degré de brassage dans l'information de
dépdt, lequel degré de brassage concerne un
bloc de déchets suite a son déplacement.

Procédé de traitement d’information qui est mis en
oeuvre par un dispositif de traitement d’information
(4) pour surveiller des déchets déposés a l'intérieur
d’une fosse (21),

le procédé comprenant :

I'obtention d’une pluralité d’éléments de don-
nées de mesure (71) qui sont générées par un
dispositif de mesure de hauteur (13) chaque fois
que le dispositif de mesure de hauteur (13) met
en oeuvre une mesure et qui indiquent une hau-
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teur des déchets,

dans lequel le dispositif de mesure de hauteur
(13) est un dispositif de mesure en trois dimen-
sions pour mesurer une forme de surface des
déchets déposeés a l'intérieur de la fosse, 5
le procédé de traitement d’information com-
prend en outre :

la comparaison (i) de premiéres données

de mesure générées en tant que résultat 10
d'une mesure antérieure avec (ii) des
deuxiémes données de mesure générées

en tant que résultat d’'une mesure ultérieu-

re, le jeu de premieres données de mesure

et le jeu de deuxiemes données de mesure 15
se présentant tous deux sous la forme de
données de mesure en trois dimensions in-
dicatives d’une forme des déchets ;

la détermination d’'un ou de plusieurs jeux

de valeurs de coordonnées XY en tant 20
qu’une ou plusieurs zones de modification

de hauteur respectives dans la fosse (21),

un ou plusieurs jeux pour lesquels la hau-
teur des déchets, laquelle hauteur est indi-
quée a l'aide d’'une valeur de coordonnée 25
Z, a été modifiée de pas moins qu’une va-

leur prédéterminée ;

la détermination d’un événement lié au dé-
placement des déchets qui s’est produit au
niveau de chacune des une ou plusieurszo- 30
nes de modification de hauteur
déterminées ; et

sur la base de I'événement déterminé, la
génération d’une information de dépét indi-
cative de la fagon dont les déchets déposés 35
alintérieur de lafosse (21) ont été brassés.
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